Background: In 2001, the observed annual mortality from Creutzfeldt-Jakob disease (CJD) in Switzerland increased from less than 1.5 to 2.6 per million inhabitants. An underlying cause could not be identified.
Background
Creutzfeldt-Jakob disease (CJD) is a rare but inevitably fatal neurological disorder. CJD is associated with spongiform changes in the brain and an accumulation of a misfolded protein termed prion, which is believed to be the agent responsible for transmission of the disease. [1] In most industrialised countries, CJD is recorded with a yearly incidence of 1.0-1.5 cases per million inhabitants. [2] There are several pathogenically distinct forms of CJD, of which the classical forms (sporadic, genetic and iatrogenic) have been known for decades. Another form, variant CJD (vCJD), was first described in the United Kingdom in 1996, and consensus exists that vCJD is caused by ingestion of bovine products, particularly of socalled "risk material" from cattle infected with Bovine spongiform encephalopathy (BSE). [3, 4] Among the three classical forms, genetic CJD (gCJD) develops due to specific mutations in the prion gene, while iatrogenic CJD (iCJD) has resulted from contaminated blood, human pituary gland hormone products, dura mater and corneal grafts, and during neurosurgery via surgical instruments and stereotactic EEG electrodes from one patient to another. [5] [6] [7] [8] [9] [10] [11] However, after the implementation of preventive measures such as more efficient sterilisation procedures and prohibiting the use of human dura mater, iatrogenic cases were observed less frequently. [12] Sporadic CJD (sCJD) is by far the most common of all CJD forms, accounting for 80 to 90% of all cases. [13] Its aetiology remains unknown. [14] In Switzerland, mandatory reporting of definite CJD cases was introduced in 1987, and since 1999 all clinically suspected CJD cases must be reported as well. In the year 2001, the annual mortality rate increased significantly to 2.6 per million inhabitants from around 1.4 per million observed during the 1990ies. [15] Figure 1 shows yearly incidences of reported CJD deaths in Switzerland: between 1988 and 2000, an average of 9 definite and probable CJD deaths according to European criteria (maximum: 11 cases in 2000) were reported annually. [16] In 2001, 19 deaths were reported, an increasing trend that was sustained in the following years with 18 A comparable increase in CJD-cases has not been observed in Switzerland's neighbouring countries (Austria, Germany, France and Italy). Corresponding figures are available on the website of The European and Allied Countries Collaborative Study Group of CJD (EUROCJD). [16] The reason for this sudden rise in the annual death rate for CJD in 2001 in Switzerland was unclear, and was therefore investigated in a case-control study. Three main hypotheses have been discussed: the observed increase could have been caused by a) a zoonotic cause similar to the transmission of BSE in patients with vCJD, b) an iatrogenic cause or c) ascertainment bias due to a heightened perception and awareness level of the disease in physicians. [18, 19] The two former hypotheses would refer to a so far unknown route of transmission for sporadic CJD, since the sCJD cases included in this study did not show any of the characteristic pathological findings of vCJD. Furthermore, they have not been exposed to any of the known iatrogenic risk factors like cadaveric derived pituary hormones or dura mater grafts. Blood transfusion has been shown to be a potential route of vCJD transmission and could therefore be a potential risk factor for other forms of CJD. [11, 20] As far as the BSE epidemic in cattle is concerned, Switzerland was among the countries in Europe experiencing an early and high rise in BSE cases, even if the incidence remained significantly below that observed in the United Kingdom. [21] Therefore, with rising case numbers of vCJD in the United Kingdom, the question arose if the "surplus" of sporadic cases in Switzerland could be related to dietary risk factors in analogy to the development of vCJD.
The principal aim of this study was to investigate whether there are specific exposures that could explain the rise in mortality rates for sCJD observed in Switzerland in the years [2001] [2002] [2003] [2004] . A focus was set on external and thus preventable risk factors.
Methods

Case-patients
All cases included in this study were sCJD patients with residence in Switzerland recorded by the mandatory Swiss infectious disease notification system between January 2001 and December 2004 (n = 72). Surveillance of CJD is carried out by the Swiss Federal Office of Public Health (SFOP) in collaboration with neurologists, neuropathologists, psychiatrists, cantonal physicians and the National Reference Centre for Prion Diseases (NRPE) in Zürich. During the recruitment time 2001-2004, two genetic CJD cases as well as one iatrogenic case (due to a dura mater graft) occurred, which were not included in this study. In addition, cases were excluded if their relatives and/or physicians did not consent to the study (n = 3), resulting in 69 patients with sCJD included in the study. Among these 69 cases, diagnosis of CJD was histologically and biochemically confirmed in 61 patients (88.4%). Eight patients (11.6%) were classified as probable sCJD cases according to the criteria of the European Creutzfeldt-Jakob Disease Surveillance Network EuroCJD. [16] Codon 129 M/V polymorphism was analysed in all CJD patients where blood or frozen brain samples were available. PRNP sequencing was performed in samples where written consent was given by the patient or close relatives. A description of the analysis of the genetic markers was published elsewhere. [22] The interviewed proxy for patients was either the spouse, a close relative or in a few instances another close person such as a friend, who had known the patient for several years.
Controls
Data of 224 controls were included in this study. To limit potential selection bias, controls were recruited in two different ways. The first group (n = 69) was recruited from general practitioner (GP) offices between November 2004 and July 2005. The second group (n = 155) was recruited by random digit telephone dialling from June to September 2005.
Controls recruited from GP offices were matched by age and district of residence, and were chosen randomly by the following procedure: the GP was asked to select from his collection of patient records in an alphabetic order the next suitable matching control record following his own family name. This record was excluded if the age was more than 5 years different from that of the corresponding control patient. Potential control subjects were excluded from participation if they were suffering from a severe disease or were known to their GP as being a very non-compliant patient. For each GP, a maximum of three corresponding controls were included. A standard model letter with an informed consent enclosed was sent to the matched control and a face-to-face interview was arranged.
In order to compare cases with the general population, the second control group (n = 155) was recruited by random digit telephone dialling based on the Swiss Telephone registry [Twixtel Version 32 (5/2005) ]. These control subjects were frequency matched by 5-year age group, sex and residency within the same language region of Switzerland. According to the Swiss Federal Statistical Office (FSO), 71% of the Swiss population was reachable by a fixed line telephone number in December 2004.
Data collection
For both, cases and controls, a standardised questionnaire was used, which was translated from English into German, French and Italian. This questionnaire had previously been used in case-control studies in the United Kingdom and other countries participating in EUROCJD network. [23, 24] A total of 135 different items on social factors, residential history, travel history, family history, previous medical history (surgery, medical treatments and drug use), as well as potential environmental (occupation, animals and farming) and dietary risk factors were analysed. As an example for previous medical history, controls and proxy persons for the CJD-patient were asked if they had ever taken any medications regularly (i.e. for a period > 1 month) since the beginning of 1980. Respondents were told not to include treatments related to CJD or their current disease, respectively.
Ethical issues
Data collection of cases is an integral part of the intensified CJD surveillance in Switzerland which became effective in November 2002 by a decree of the Federal Council. The database is registered at the Swiss Federal Data Protection Commissioner, and the study was approved by the ethics committee of the Canton of Zurich. All data were analysed in an anonymous manner.
Statistical methods and analysis
Power calculations for an unmatched case-control study were performed prior to collecting data on control subjects. The calculations were performed for the total of both control groups. For 69 cases and 224 controls, assuming a prevalence for a certain exposure of 25.0% in cases and of 10.0% in controls (resulting in an odds ratio of 2.96), the study exhibited a power of 80% at the α = 5% confidence level. Cases were not only compared with all controls compiled, but also with each of the two control groups in separate subgroup analyses. The direct matching in the GP control group, e.g. controls having the same GP as the cases, was only possible for one third of all patients. Therefore the data for both control groups was analysed as an unmatched case-control study.
All potential risk factors were analysed by summary statistics, logistic regression. The latter included univariable models (= crude estimates) and models including age, sex and number of school years (= adjusted estimates). "Number of school years" was chosen as a proxy parameter for education and socio-economic status. Age, "number of school years" and the "number of surgical operations" were taken as continuous variables. All other variables -including frequency of food consumptionwere taken as a binary variable into the models. Main outcome measures were odds ratios for assessed exposures with their corresponding 95% confidence intervals and two-sided p-values. P-values less than 0.05 were considered significant. As computer program for data collection and graphics we used Microsoft "Excel 2000". For power calculations we used "Statcalc" in EpiInfo Version 6. For data analysis we used "Intercooled STATA" version 8.0. [25] 
Results
Recruitment of controls
GP controls 69 general practitioner control subjects were recruited. For 19 of the CJD patients, three corresponding controls were interviewed, and for another six patients two corresponding controls were interviewed. None of the addressed control persons declined participation. However, the GP's of the remaining 44 patients rejected to participate in the study, and for these patients, no direct control subjects were interviewed.
Telephone controls 2272 telephone numbers were chosen by random digit dialling, and a letter informing about the study beforehand was sent to the corresponding addresses. In households with valid telephone numbers (n = 2095), the response rate was 68%, which corresponds to 1422 screened households. In 1035 of these households, no target person of matching age, sex or residence requirements could be identified. Among 387 identified target persons, 156 interviews were completed, of which one could not be used due to missing data. 231 target persons declined participation. Thus the final response rate of target persons was 40%.
Associations of sporadic CJD with potential risk factors
Socio-demographic, residential and other background factors
Associations of sCJD with age, sex, country of birth, education, marital status, and residence in German versus French and Italian speaking parts of Switzerland are shown in table 1. Other potential risk factors such as left versus right handedness, family history of dementia and travel history are also shown in this table. When adjusted for age, sex and education, sCJD patients more often travelled abroad (OR 9.31 95% CI (3.63-23.91). Controls on the other hand had travelled more often to tropical destinations (OR 0.43, 95% CI 0.19-1.00) and to the U.K. (OR 0.29, 95% CI 0.10-0.86), the country experiencing the highest BSE-incidence after 1980. Also, control subjects had completed more years of education (OR 0.88, 95% CI 0.80-0.97) than sCJD patients. No differences were found with respect to age, sex, place of birth and living or a family history of dementia.
Environmental factors
Results of cases and controls with respect to occupation, farming related exposure and pet animals are shown in table 2. Cases had worked significantly more often in an animal laboratory (OR 9.6; 95% CI 1.4-64.5). Controls more often owned a pet rodent (OR 0.32, 95% CI 0.16-0.66). No differences between sCJD patients and controls were found with respect to all other work-related factors, such as occupations in the medical care setting, animal farming or the meat industry. Likewise there were no differences in exposure to leather products, fertilisers con-taining hoof and horn material, and with respect to farmstays.
Previous medical history
Exposure of cases and controls to surgery is shown in table 3. Results for other invasive medical procedures such as lumbar punctures, injections, blood donation, transfusions, regular medication as well as non-invasive medical risk factors such as allergies, cigarette smoking and illegal drugs are listed in table 4. sCJD patients significantly more often had undergone orthopaedic surgery (OR: 4.77; 95% CI: 2.60-8.83), even if limiting the analysis to those who had been operated after 1980 (OR: 3.55, 95% CI 1.94-6.49). Similarly, they were more often exposed to ophthalmological surgery after 1980 (OR: 2.7, 95% CI 1.1-6.5), invasive dental treatment after 1980 (OR 2.63; 95% . With respect to a hypothesised iatrogenic transmission, surgical procedures involving lymphoid organs or the central nervous system were not found to be more frequent in sCJD patients than in the controls. Appendectomy, gastro-colonoscopy, tonsillectomy, lumbar punctures, donating blood as well as current cigarette smoking were observed more frequently in the controls than in sCJD patients.
Dietary factors
In this analysis, among the 20 food items analysed, only the age-, sex-and education-adjusted estimate of kidney consumption showed a significant association with sCJD (OR: 1.96, 95% CI 1.04-3.68), but this difference was rather weak. Results are shown in table 5.
Subgroup analysis
Results for most of the factors were similar when analysed for both control groups separately. Factors with significant differences between the cases and the composite control groups also displayed significant differences when cases were compared to the two control groups separately, as was the case for number of school years for example, while on the other hand most factors without such differences in the combined control-group analysis did not display significant differences when the two control groups were analysed separately. 
Discussion
This study evaluated a wide range of possible risk factors as risk factors for sCJD-cases observed in Switzerland between 2001 and 2004. If some of the positively associated risk factors were truly causal and would have become more frequent in recent years and decades, then they might have contributed to the increase in sCJD-cases in Switzerland. Although some analysed factors were significantly more frequent in the group of sCJD patients, the results of this case-control study have not produced unequivocal evidence for specific environmental or iatrogenic risk factors for sCJD, and thus could not reveal a specific explanation for the increased incidence. In interpreting the results, one has to bear in mind that with a significance level set at 5%, on average one in twenty results will be significant, by chance alone. Starting with the hypothesis of a zoonotic cause similar to the development of vCJD by consumption of BSE-contaminated material, the present study does not demonstrate a clearly increased risk for sCJD with respect to dietary habits. Although previous studies revealed that consumption of several meat products was increased in sCJD cases compared to controls, [26, 27] no such clear differences for any of the twenty diet-related exposures were found in our as well as in earlier studies. [28] [29] [30] Consistent with previous studies, no significant differences between sCJD patients and controls was found with respect to occupational exposures, including work in animal farming or in the meat industry in the present study.
One exception was work in an animal laboratory. [27] [28] [29] [30] [31] Some findings of earlier studies which revealed higher frequencies of sCJD among butchers, [32] among those exposed to leather products, to fertiliser consisting of hoofs and horns, [27] and to farm-stays for any length of time, [31] could not be reproduced in this study. Contrary to the hypothesis of a zoonotic cause, earlier studies did not link pet animals possession to increased risk. [27] [28] [29] [30] Patients in this study even less often owned cats or pet rodents. Travelling abroad was significantly more frequent in sCJD patients. Controls, however, travelled more frequently to the United Kingdom where risk for vCJD was elevated and to tropical destinations where some 
infectious diseases are more prevalent than in Switzerland. No differences in age, sex, place of birth and living or family history of dementia were found. These results are consistent with data from previous studies. [26, 28, 29] In contrast to earlier studies, sCJD-patients in our study had completed less years of education. [26, 28] Only 45% of the cases had ten or more school years, whereas this figure was at 71% among the controls. These findings might be due to recall bias which can occur when interviewing proxy persons. However, another neurodegenerative disease, Alzheimer's disease has been shown to be observed more frequently in persons with lower levels of education. [33] Concerning the hypothesis of an iatrogenic cause, sCJD cases in this study significantly more often had undergone orthopaedic and ophthalmologic surgery, invasive dental treatment as well as regular medical treatment. In previous studies, physical injuries and stressful life events such as surgical procedures, [23, 28, 30, 31, 34, 35] and work in a medical profession [32] have been found to constitute a risk factor for sCJD. In particular, head surgery and trauma to other body parts were identified. [36] In contrast to the present study, however, orthopaedic surgery and invasive dental treatments per se were not associated with an elevated risk for sCJD before. [27, 28, 31, 36] One could speculate that the use of surgical instruments as well as a potentially higher rate of blood transfusions in orthopaedic surgery may explain these findings. Receiving blood transfusions has been demonstrated to be a potential route of vCJD transmission. [20] The development of vCJD involves a peripheral route of prion transmission to the CNS. In sCJD, however, the disease most likely starts in the brain, even though recently, prions have been detected in peripheral organs such as the spleen and skeletal muscles of sCJD patients. [37] Blood transfusions, however, were not associated with sCJD in the present study. Interestingly, blood donation was less frequently observed in sCJD patients than in controls. Correspondingly, neither receiving blood transfusions nor blood donation was identified as a risk factor for sCJD in previous studies. [23, 26, 38, 39] Cigarette smoking was more frequent in controls (29%) than in sCJD patients (13%) or in the general population, a finding which points to some bias in the selection of controls. A previous analysis did not find any association with smoking. [26] Recently, the heightened incidence of sCJD in Switzerland was found to be associated with a shift in clinicopathological profiles, in that sporadic CJD patients from the cohort with elevated sporadic CJD incidence presented with a higher frequency of rare sporadic CJD-subtypes (MV2, VV2). Patients of these subtypes were significantly older and showed a skewed male/female ratio when compared to patients of identical sporadic CJD-types or to patients from the 1996-2000 cohort. [22] The third hypothesis to explain the increase in annual mortality rates from sCJD in Switzerland between 2001 and 2004 is a better case ascertainment. Over recent years in Europe, as a general tendency incidences have been rising, however not to such extent as in Switzerland. Given that our results do not support strong evidence for the hypotheses of a zoonotic or iatrogenic cause, ascertainment bias due to a heightened perception and awareness of the disease in physicians must be regarded as the most likely cause for the observed increase. One factor that might be jointly responsible for this increase might be altered reporting requirements in 1999. Since that year all suspected cases in Switzerland had to be reported. In this respect, also the role of chance must be considered, as it is possible that the observed increase of Swiss sCJD-deaths was due to random fluctuation. The rise in annual mortality rate from the years before 2000 to the period 2001-2004, however, was statistically significant, and therefore, chance must be considered a less likely explanation. In the most recent years, the observed incidence in sCJD deaths 
Strengths and limitations
This study was initiated to clarify whether cases of sCJD from 2001 to 2004 were associated with a specific environmental risk factor in Switzerland. A well defined group of patients was examined. The 69 sCJD cases consisted of all but three known cases in Switzerland during the study period. The participation rate of relatives and friends of cases was high, and for cases and controls there were only few missing data points in the data sets. The study used a standardised questionnaire with a wide range of potential risk factors reported in previous studies. However a subtype analysis in correlation with risk factors was not performed in this analysis because of the small number of cases.
Due to Switzerland's small population size, the rarity of the disease, and the fact that sCJD invariably leads to death within less than 2 years, the number of cases in the study was relatively small. Other case-control studies conducted in Europe were somewhat larger. However, of these studies, just four recent studies also included data of cases from the year 2001 or later, [32, [40] [41] [42] and none was performed within Switzerland. Consequently, they could not contribute to an explanation for the increased incidence of reported sCJD deaths in Switzerland. Two different control groups were chosen to limit selection bias. The interviews of controls by telephone yield potential for self-selection bias in that ownership of a fixed telephone line or willingness to participate might be unevenly distributed among the general population. On the other hand, the control-group of patients from GP offices were matched more closely but certain illnesses and other factors may be overrepresented in this group. The interviewed control persons answered the questions directlyeither by a face-to-face interview or by telephone, whereas for the cases a close relative or friend of the patient answered the questions as a proxy. Furthermore, interviewed persons were conscious about the aims of the study, all of which could have resulted in the introduction of recall bias. Interviewing a proxy person for sCJD cases could imply that responses were less accurate, with fewer positive responses with respect to potential risk factors, potentially masking differences between the cases and controls. Conversely, a face-to-face interview could have resulted in more accurate data than a telephone interview. For instance, in the subgroup analysis comparing ophthalmologic surgery after 1980 in patients and telephone controls, the finding of an odds ratio of 18.31 with a very wide 95% C.I. of 3.65-91.97 has to be interpreted with care. Only 2 of 155 telephone controls (1.3%) recalled having undergone ophthalmologic surgery after 1980, while in the face-to-face interviews this proportion was 15.4% among proxy persons for patients and 24.6% among the GP controls. In the present study, we renounced interviewing proxy persons for controls, since we hypothesised that proxy-persons for cases would be more disposed to answer such questions correctly than proxy-persons for controls would do, and that such an effort would not have excluded recall bias.
Unanswered questions, future research
To identify environmental or other causes of sCJD, further research is necessary. The questionnaire of our study has been used in other CJD case-control studies, [23, 24] which will allow to combine our results with those from other studies. As a potential risk factor for prion infection, ear, nose and throat (ENT) -surgery was not included as an item in this study. Other than recall bias, we could not find an explanation, why some of the examined factors, such as the number of school years differed between sCJD cases and controls.
In this study, no genetic markers were analysed. For practical and ethical reasons, this information was only available for patients and not for controls. However, such information could have given additional clues, in that the development of sporadic CJD due to environmental factors might be linked to some so far unknown genetic factors. More recent research indicates that there are different subtypes of sCJD. Patients have a wide range of genetic backgrounds, which results in different clinical and histopathological presentations and diverse PrPSc distribution patterns in the brain. [43] 
Conclusion
This study did not reveal a specific explanation for the increased annual death rates for sCJD observed in Switzerland between 2001 and 2004 with respect to externaland potentially avoidable -risk factors. Although some factors were significantly more frequent in the group of sCJD cases, the results have to be interpreted with caution due to fact of having tested multiple hypotheses and due to the possibility of bias in the selection of controls and of recall bias in association with the potentially long incubation period as seen in other prion diseases. The most plausible reason for the observed increase in 2001 in Swiss sCJD cases is an improved case ascertainment. The improved reporting of cases was in temporal correlation with the rise in variant CJD cases in the United Kingdom and the resulting high media coverage. Therefore, underreporting of cases might well have occurred before the year 2001, and the "real" yearly incidence of sCJD might not be lower than, but rather above 2 per million inhabitants.
